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SUMMARY

An investigation of the effectiveness of & wing equipped with a 50-
percent-chord sliding flap, a 30-percent-chord slotted flap, and a 30-
percent-chord slat In deflecting propeller slipstreams downward for ver-
tical take-off and landing has been conducted in a static-thrust facility
at the langley Aeronasuticael Iaboratory.

The results indicate that with proper settings of the flaps and slat
a turning angle of gbout T0° was obtained both in and out of the ground-
effect region, but the ratio of resultant force to thrust varied from about
1.00 with the model in the position nearest the ground to gbout 0.86 out
of the ground-effect region. With the slat installed, the model could be
trimmed in pitch with the center of gravity located at 42 percent chord.

INTRODUCTION

The 7- by 1l0-Foot Tunnels Branch of the Iangley Aeronautical
Laboratory is conducting investigetions of wing-flap configurations to
determine their effectiveness in deflecting propeller sglipstreams down-
ward for vertical take-off and landing. The characteristics of plain
flaps with and wilithout auxiliary vanes are reported in references 1
and 2. The investigation of a slotted-flap configuration i1s reported in
reference 3, ground effect in reference 4, and the effects of a leading-
edge slat in reference 5. Reference 6 gives results of a preliminary
investigation of a wing equipped with a sliding flap.
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The present investigation was uyndertsken to extend the investigation
of the sliding flap by 1lncorporating it in a model using two large-
diameter propellers. Also the model was designed to inecorporate features
evolved from the results of previous investigations whe€re possible.

SYMBOLS

The positive sense-of forces, moments, and angles is indicated in
flgure 1. The pitching moments are presented with reference to the center
of gravity shown in figure 2., The symbols used in the present paper are
defined as follows:

c wing chord, ft
Cg slat chord, ft
T mean aerodynamlc chord of wing, ft
D propéller diameter, ft
F régultant force; 1b -
Ty longitudinal force, 1b
h distence from bottom of fuselage to ground board, ft (fig. 1)
L 1ift, 1b
Mf pitching moment, ft-1b
T totsl propeller thrugt, 1o
o attitude with respect to ground, deg
Bp flap deflection, relatlve to wing chord, deg .
8g slat deflection, relative to wing chord, deg
e inclination of resultant force vector from thrust axls,
tan™t Ji, deg ' - -
Fx
Subscripts:
30 30~-percent-chord flap

50 50-percent-chord flap
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APPARATUS AND METHODS

A drawing of the model used in the investigation and its pertinent
dimensions are shown in figure 2 and a photograph of the model mounted
for testing is shown in figure 3. The geometric characteristics of the
wing and propellers are given in the following table:

Wing:
Area (semispan), 8Q £t « « « ¢ « ¢« « « s ¢ 4+ 4 s s e o« s o o « 5.5
Span (semispan), £t . « « ¢« ¢ v ¢ 4 4 o 4 4 4 e e e 0 a . ... 3,67
Mean serodynamic chord, £t . . « « ¢« « ¢« « ¢ ¢ &« o o &+ o « & « « 1.51
Alrfoll Ssection .« ¢ v v & v 4 v o « o s « s o & « = « o . « NACA L4}415
ASPECE TALIO v v v v 4 4 e e e e e e e e e e e e e e e e s k.8
Taper TatlO + & v & & ¢ & 4 4 4 4 s s s 4 e 4 e e e s e . .« 0.80
Incidence, G8Z « v ¢« « « o o « o o o o ¢ o « s o o o o o o o o 5
Propellers:
Diameter, £ ¢« ¢ ¢ o o ¢ ¢ o ¢ o 4 ¢ o o o o o o o o o o« o o a o 2.0
Airfoll section . . . e e o o s e« o s o s e 2 o s s o o « Clark Y
Solidity (each propeller) e e N0 1 4

The ordinates of the slotted flap were derived from the slotted flap
2-h of reference 7 and sre presented in table I along with the sketch of
the profile of the sliding flap. The cross section of the 30-percent-
chord leading-edge slat is also shown in table I. The slat was made of
l/8—inch sheet steel and bullt up to the desired contour by filling the
underside with balse wood. TFor these tests the upper surface of the wing
was not modified as it would have to be in s practical applicetion in
order to retract the slst; however, 1t is believed that this difference
would have only a small effect on the results. - The end plate, which was
used in most of the tests, was made of 1/16-inch aluminum and is shown
in figure 4. Tt was located 10.3 inches outboard of the center line of
the outboard propeller.

The wing was constructed of mahogeny supported by a steel spar. The
half-fuselage (which served as a support for the horizontal tall used in
the investigation of ref. 8) was also constructed of mahogany on a steel
backing plete.

The propeller blades, which were constructed of molded Fiberglas and
balsa wood, were mounted in aluminum hubs. The propellers were driven by
varigble-frequency electric motors from a common power supply. During
the tests, the propeller rotational speed was approximately 6,000 rpm,
which gave a tip Mach number of 0.58. The speed of each propeller was
determined by observing a stroboscopic type of indicator, to which was
fed the output frequency of a small alternator connected to the motor
shaft. TFor most of the tests, the outboard propeller rotated against
the tip vortex (right-hand rotation on right wing) and the inboard pro-
peller rotated in the opposlte direction.
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The motors were mounted inside aluminum-alloy nacelles by means of
strain-gage beams in such a way that the-propeller thrust and torque could

be measured. The total 1ift; longitudinal force, and pitching moment of -

the model were measured on a balance st the root of the wing.

The ground was simulated by a sheet of plywood, as shown in figure 3.
The height sbove the ground h was defined as the distance from the
lowest point on the lower side of the half-fuselage to the ground board
and was measured perpendicular to the ground board. (See fig. 1.) Most
of the tests were run with an attitude—of 20° measured from the ground
board to the propeller axes. )

The investigation was conducted in a statlic-thrust facility of the
Langley Aeronautical Laboratory. All deta presented were cobtained at
zero forward velocity with a thrust of 15 pounds from each propeller.
Inasmuch as the tests were conducted under static conditions in a large
room, none of the corrections that are normally epplicable to wind-tunnel
tests were applied.

RESULTS AND DISCUSSION B

In plenning the configuration for the present-investigation, use
was made of information obtained in the previous Investigations. A
large-chord sliding flap (ref. 6) was used in combination with & shorter
chord slotted flap in order to reduce the. diving moments and at the same
time maintsin reasonably good turning of the slipstream. Wing incidence
of 5° to the thrust line was slso used to increase the turning (ref. 3).
The thrust—-line was lowered below the wing chord plane and a leading-
edge slat was added to reduce further the diving moments and the adverse
effects of the ground (refs. 4 and 5). The span of the wing and slat
were increased by adding to the tip so as to capture more-—fully the slip-
stream from the outboard propeller (ref. 5).

Effect of End Plate

The effect of end-plate size on the turning effectiveness of the
wing is 1llustrated In figure 5. As can be seen, the installastion of
an end plate appreciably increased the ratio of resultant-force to thrust
obtained in the ground-effect region; therefore, for all subsequent tests,
an end plate approximately corresponding to end plate C which gave the
highest increase in the ratio of resultantforce to thrust—(fig. 5), was
used. The effects of the end plate on the characteristics out—of the
ground-effect region are shown in figures 6 and 7. With the slat—— .
installed, higher turning angles were obtulned with the end plate on and,
for a given turning angle, the resultant force was not changed. (See



NACA ™ 3919 ) . >

fig. 6(d).) With the slat off (fig. 7(d)), the effects of the end plate
were slmost negligible.

The difference between the slat-on and slat-off characteristics may
be influenced by the spanwise location of the end plate. The end plate
was loceted 10.3 inches (86 percent of the propeller radius) outboard
of the outboard-propeller axis. Theoretically the slipstream contracts
to 70 percent of the propeller diameter; however, the results of refer-
ence 5 indicated that the slat tends to spread the slipstream. The end-
plate location was chosen on the basis of the slat-on experience. A

more inboard locatlon may possibly produce better results with the slat
off,. ;

Effect of Flap and Slat Deflection

The effect of flaep deflection on the turning characteristics of the
wing with the slat off out of the ground-effect region (h/d = =) and in
the position near the ground (h/d = 0.08) are shown in figures 8 and 9,
respectively. When out of the ground-effect region and with Sf,5o = 50°,

a turning angle of gbout 68° and a ratio of resultant force to thrust of
about 0.86 are achieved (fig. 8). In the position near the ground and
with the same flap deflection (fig. 9), the turning angle is reduced

to 63°, but the ratio of resultant force to thrust is considerably higher.
Also, the flap deflections required for maximum turning angle in the
ground-effect region are lower than those required for maximum turning
angle out of the ground-effect region.

Addition of the leading-edge slat, at a deflection of 10°, increases
the turning angle to T4C out of the ground-effect region (fig. 10) and
to 69° in the position near the ground (fig. 11). Agein, as with the
slat-off test (fig. 9), the ratio of resultant force to thrust 1s consid-
erably increased by the presence of the ground. (Compare figs. 10(d)
and 11(d).)

The pitching-moment data are referred to an assumed center-of-gravity
location shown 1n figure 2. With the slat off and with the flaps deflected
for maximum turning, the model exhibits diving moments both in and out of
the ground-effect region (figs. 8 and 9), even for this rearward center-
of -gravity location. Adding the slat, however, effectively counteracts
these diving moments at these high turning angles. (See figs. 10 and 11.)

Comparison of figures 8 and 10 indicates that installation of the
slat slightly reduced the ratio of resultant force to thrust obtained out
of the ground-effect region. The effects of slat deflection on the
turning effectiveness are shown in figures 12 and 13. When out of the
ground-effect region, decreasing the deflection to zero gave a ratio of
resultant force to thrust sbout equal to that obtained with the slat off
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and had little effect on the turriing angle. Within the ground-effect
region (fig. 13), however, decreasing the slat—deflection resulted. in a_
small reduction in turning sngle but also gave an increase in the ratio
of resultant force to thrust.

The effect of slatdeflection on the characteristics at various
heights sbove the ground is presented in figure 1k. The ratioc of result-
ant force to thrust—is seen to decrease with incressing slat deflection.
This effect was also noted in reference 5. At any particulsr slat
setting, the ratio of resultant force to thrust also decreases with
increasing height asbove the ground up to an altitude of ebout one diam-
eter. Out-of-the ground-effectregion, however, the ratio of resultant
force to thrust has increased somewhat from the lowest value reached.
This configuration then would have a "ground cushion" (decreasing height;
increasing the 1lift) similar to s helicopter up to a height ebove the
ground of sbout one diameter. Above this helght, there is a reversal
(increasing height; decreasing the power required) which would probably
not cause any trouble in a vertical take-off but may be troublesome in
a vertical lending.

In general, with proper settlings of the flsps and slat, a turning
angle of about 70° can be obtained both in and out of the ground-effect
region, but the ratio of resultant force to thrust varied from sbout 1.00
with the model in the position nearest the-ground (h/D = 0.08) to about
0.86 with the model in the position out—of the ground-effectregion.

Effect of Attitude

All ground-effect tests, both in this investigation and in previous
investigations (refs. 4, 5, and 6), have been conducted with an angle of
20° between the propeller thrust axis and the ground board. The effects
of reducing this angle are indicated in figure 15. 1In two positions near
the ground (h/D 0.08, and 0.17), decreasing the attitude increases both
the turning angle and the ratio of resultant force to thrust. Im a
third position near the ground (h/D = 0.83), however, decreasing the atti~-
tude decreases both the turning angle and the ratio of resultant force to
thrust. The significance of these varilations cennot be assayed only from
figure 15 because at an attitude less than that required for hovering
(about 20°) a forward component of thrust would be present which would
sccelerate the airplane to a forward speed. The effects of this forward
speed (which ref. 8 indicates can be appreclable) would have to be used
in conjunction with the data of figure 15 in assessing the effects of
chenging attitude.
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Effect of Mode of Propeller Rotstion

A1l the data presented herein, with the exception of those presented
in figure 16, were obtained with the outboard propeller rotating against
the tip vortex (right-hand rotation on a right-hand wing) and the inboard
propeller operating in the opposite direction. This arrangement gave the
better turning characteristics in reference 2; however, only two of the
four possible modes of rotation were investigated in reference 2. The
effect of the four modes of rotation on the characteristics are shown in
figure 16. The best results are cbtained with the outboard propeller
rotating egainst the tip vortex (as was used in all other tests in this
report) regardless of the direction of rotation of the other propeller.

Effect of Test-Facility Size

The room in which these tests were made is large (18.5 by 42.5 feet
in plen end sbout 10 feet in helght) in relation to the size of the model;
however, in order to verify that the results obtained in this facllity
are indicative of essentially free-air conditions, a few tests were made
in & much larger room. The room used was the shop for the Langley T7- by
10-foot tunnels, which is 58 by 98 feet in plan and 16 feet in height.

The relative size of the two rooms, as well as the position of the model
in the two rooms, is shown in figure 1T7.

A comparison of the data obtained in the shop of the T7- by 10-foot
tunnels and in the room normelly used (static-thrust facility) is pre-
sented in figure 18. The good agreement obtained indicates that the room
normally used is adequate for these tests. However, because of the
reduced recirculation effects in the larger room, the model forces were
much steadier and easier to read than in the room normally used.

CONCLUSIONS

The investigation of the effectiveness of & wing equipped with a
50-percent-chord sliding flép, & 30-percent-chord slotted flap, and a
Z0-percent-chord slat in deflecting propeller slipstreams downward for
vertical take-off indicates the following conclusions:

1. With proper settings of the flaps and slat, a turning sngle of
about T70° was obtained both in and out of the ground-effect region, but
the ratio of resultant force to thrust varied from about 1.00 with the
model in the position nearest the ground to about 0.86 out of the ground-
effect region. With the slat installed, the model could be trimmed in
pitch with the center of gravity located at 42 percent of the mean aero-

dynamic chord.
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2. The best results were obtained with the outboard propeller rotating
against the tlp vortex, regardless of the direction of rotation of the
inboard propeller.

Langley Aeronautical Laboratory,
Natlonal Advisory Committee for Aeronautics,
Langley Field, Va., October 26, 1956. -
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TABLE T

WING, FIAP, AND SLAT ORDINATES

NACA 4415

NACA TN 3919
2o¢cs
1
23c
~—./7¢Cc

R —

Slotted-flap ordinatesn

Hinge line
30¢ ———

Slat ordinates

Ordinate, fraction of wing chord Station Ordinates, fraction of
Station, fract i° g slat chord
fraction of Flap nose la.t‘—cgn g
wing chord Slot 8 or Upper Lower
Upper Lower
o] o] 0
0.65 -0.0180 |  c;emeee | mmeeee .025 .060 -.023
.66 =0Ll75 | meemee ] emmae- .050 .083 -.027
.67 -.0169 .075 .097 -.025
.68 =045 | mmemee | emaaa .100 .105 -.023
.69 -.0080 .150 .115 -.007
.70 .0160 0.0075 0.0075 .200 .120 .012
705 | meemeee .0210 -.0020 .250 122 .050
Tl 0280 .0260 -.005%0 .300 - 122 .0k6
.72 .0375 .0350 -.0080 400 .116 .070
.73 .0430 .0k15 -.0115 . .500 .105 .080
STh .0L470 .0k65 -.0125 .600 .090 .071
.75 .0500 L0490 -.0125 .700 073 .056
.76 .0520 L0510 | eeeee- . 800 .055 .039
T7 0530 - 0520 | ememem . 900 .035 .020
.78 ogg;. 0525 | mmeaea 1.000 .01% o}
<719 0335 .0525
.80 A530 0520 | meeeaa-
.81 0531 0515 | cmeme-
N e —. 0505 | memee-
-5 T [, 0485 | —emee-
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Figure 1

.- Conventions used to define positive sense of forces, moments, and angles.
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Figure 2.- Drawing of model. All dimensions in inches.
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L-9k231.1
Figure 3.- Photograph of the model installed on the static-thrust stand
for testing.
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Flaps neutral

Slart bracket
(removed for s/at
off ftests)

End plate

P L

Flaps deflected

Figure L4.- Details of the end plate.
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\ End M Y
\ plate  Tp
S o OFff 003

o A4 006

> 8B 008

a C 0l4

N D 015

Flgure 5.- Effect of end-plete size. Slat on; &g = 20°; 8f,50 = 50°;
8r,30 = 40°; h/D = 0.0k.
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(a) Turning angle. (c) Ratio of resultant force to thrust.

Figure 6.- Effect of end plate. Slat onj 8g = 20°; 8¢ 59 = 50°%; b/D = =,
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() Summary of turning effectiveness.

Figure 6.- Concluded.
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Flgure 7.- Effect of end plate.

(c) Ratio of resultant force to thrust.
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(d) Summery of turning effectiveness.

Figure T7.- Concluded.
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(d) Summary of turning effectiveness.

Figure 8.- Concluded.
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Figure 9.- Effect of flap deflection.
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(&) Summary of turning effectiveness.

Figure 9.- Concluded.
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Figure 10.- Effect of flap deflection.
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(d) Summary of turning effectiveness.

Figure 10.- Concluded.
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Flgure 11.- Effect of flap deflectlion. Slat on; 85 = 10°; end plate on; h/D = 0.08.
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(&) Summary of turning effectiveness.

Figure 11.- Concluded.
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Flgure 12.- Effect of slat deflection.
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(d) Summary of turning effectiveness.

Figure 12.- Concluded.
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Figuwre 13.- Effect of slat deflection. End plate on; &¢ 50 = 50° b/D = 0.08.
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Summery of turning effectiveness.

Figure 13.- Concluded.
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Figure 14.~ Effect of beight ebove the ground.
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(d)

Summary of turning effectiveness.

Figure 14.- Concluded.
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Figure 15.- Effect of attltude with respect to ground. End plate on; slat on; 85 = 109; Gf, 50 = 50°;
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(&) Summary of turning effectiveness.

Figure 15.- Concluded.
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Figure 16.- Effect of mode of propeller rotation.
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(d) Summary of turning effectiveness.

Figure 16.- Concluded.
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Figure 17.- Comparstive size of the sta.tic-thrust facilities used.
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Figure 18.- Effect of test-facility size. End plate on; slat on; &g = 109;
8r,50 = 50°; 8r,30 = 40°. (Flagged symbols ere check points.)
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